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Introduction
The number of individuals who learn Mandarin as a second (L2) or foreign language is growing in many parts of the world. There is also a large number of heritage learners of Mandarin in countries such as Australia and United States that have traditionally been the destinations for many migrants. There is the widely-held view that learning Mandarin tones is difficult especially for speakers from non-tonal language backgrounds [1, 2] . Accordingly, there is substantial interest among speech researchers and language teachers in gaining better understanding of the processing and/or acquisition of Mandarin lexical tones.
Within China itself, ethnic minorities including Mongols speak Mandarin in addition to their diverse first languages (L1s) although little is known about characteristics of Mandarin spoken by these people. In fact, difficulties of bilingual education in minority schools has been pointed out in previous research. According to [3] , "more and more Mongolian children are opting to attend Han Chinese schools" and "in the Autonomous Regions, greater emphasis is placed upon learning Chinese, which functions as a common language between ethnic minorities, than on 'foreign' languages". From the perspectives of social advancement and economic development, "the advantages for ethnic minority populations to learn Chinese are undeniable [3] ", although the conservation of ethnic identity may be challenged.
The aims of this research were to examine how native speakers of Mongolian who were born and raised in the Inner Mongolia Autonomous Region in China perceive Mandarin lexical tones and compare their pattern of tone perception to that of native Mandarin speakers. This study provides rare insights into how ethnic minorities living in China perceive Mandarin tones and has implications for bilingual education as well as cross-linguistic perception of prosodic characteristics.
Mandarin is a tonal language with four tone categories (Tone 1 (T1): high level (ā), Tone 2 (T2): high rising (á), Tone 3 (T3): dipping (ǎ), Tone 4 (T4): high falling (à)). In tonal languages, incorrect use of lexical tones leads to confusion/misunderstanding (e.g. 妈 mā 'mother' vs 马 mǎ 'horse' or 买 mǎi 'buy' vs 卖 mài 'sell'). Unlike Mandarin, Mongolian, which is spoken by more than 3 million people, is a quantity language with 12 short and 12 long vowels [4] . Thus, Mongolian has a substantially larger vowel inventory than does Mandarin [5] , but it is not a tonal language. While there is agreement among phoneticians that "Mongolian stress (interpreted here as accent) has no distinctive function (no lexical or morphological function) [5, p. 63 ]", its exact nature (e.g. location, variable vs fixed, pitch vs stress accent) seems to be unresolved, as there is not yet sufficient research on prosodic characteristics of Mongolian [6, 7] .
We are interested in determining if and to what extent Mongolian bilinguals approximate to or diverge from the native Mandarin speakers in their cross-language tone perception. Due to limited knowledge of prosodic characteristics of Mongolian as briefly mentioned above, it is difficult to predict the Mongolian bilinguals' perceptual assimilation patterns and discrimination accuracy of Mandarin tones by applying current theories of cross-language perception such as Perceptual Assimilation Model for Supersegmentals [8, 9] . Nevertheless, it might be expected that having no existing tone categories which can be assimilated to Mandarin tones may make perceptual learning difficult. Alternatively, having no tone categories to "overwrite" may facilitate learning especially at young age, as this may set non-native learners free from L1-specific phonetic and/or phonological constraints. Despite lack of lexical tones in their L1 Mongolian, Mandarin language education starting at primary level and beyond may enable the Mongolian bilinguals to successfully acquire Mandarin lexical tones. The Mongolian bilinguals who participated in this study all started learning Mandarin at the age of six.
Methods
A perception experiment was conducted to assess Mongolian bilinguals' discrimination accuracy of six Mandarin tone pairs (T1-T2, T1-T3, T1-T4, T2-T3, T2-T4, T3-T4) . The stimuli were produced by multiple native speakers of Mandarin as described below.
Speakers and speech materials
Eight (4 males, 4 females, mean = 27.8 years, sd = 9.2) native Mandarin speakers were recruited from the undergraduate student population at a university in Sydney. Their mean length of residence in Sydney was 1.6 years. While some of them spoke regional dialects in addition to Mandarin, they all received primary and secondary education in standard Mandarin (Putonghua) prior to arriving in Australia as young adults and identified themselves as native speakers of Mandarin. The participants were recorded in a sound-treated studio on university campus under the supervision of a Mandarin-English bilingual experimenter and received monetary reward for their participation.
A total of 76 monosyllabic words including the 28 test words (Table 1) were presented on the computer screen one word at a time in random order and produced twice in isolation and once in a short carrier sentence (我读______这个字 wǒ dú ___ zhè ge zì "I read the word ___"). Table 1 : Test words used in this study (V = Vowel).
Tokens produced in isolation were used as stimuli in this study. The stimuli presented were seven CV syllables (where C=/m, p, t/ and V=/i, a, u/) across all four Mandarin tones 1 . All materials were transcribed in Chinese characters with pinyin (the Romanized spelling system of Chinese characters with tones indicated by diacritics) on top to minimize any ambiguity of pronunciation. The pace of presentation was controlled by the experimenter. The recorded speech materials were digitized at 44.1 kHz and the target words were segmented and stored in separate files to be presented as stimuli.
Participants
The 24 2 (17 females, 7 males, mean = 24.4 years, sd = 3.9) Mongolian-speaking participants were born and brought up in the Inner Mongolia Autonomous Region, China. All of them identified themselves as native speakers of Mongolian and participated in the study at university campus in Hohhot. They started learning Mandarin at the age of six in primary school. In Inner Mongolia, students learn Mandarin weekly for approximately 8-10 hours, 6-8 hours, 4-6 hours at primary, junior high and senior high schools, respectively. As for teachers' language background, the majority are native speakers of Mongolian at primary and junior high schools and native speakers of Mandarin at senior high schools. The Mongolian bilinguals were undergraduate or postgraduate students at Inner Mongolia University in Hohhot and studied Mandarin for 15 years on average at the time of testing. In general, the Mongolian bilinguals use more Mongolian than Mandarin in their daily life at home and university, but use Mandarin at places such as university canteens or when they go shopping.
A group of ten (8 females, 2 males, mean = 25.4 years, sd = 4.3) college-educated native Mandarin speakers participated as controls in our previous research [10, 11, 12] . None of them participated in the recording sessions. The Mandarin listeners participated in the study in Australia (n = 5), Japan (n = 1) or Singapore (n = 4) according to their place of residence and availability. The Mandarin listeners lived in these countries temporarily (for 0.5 months to 5 years) and identified themselves as native speakers of Mandarin (Putonghua).
Procedures
This study applied the method for testing L2 segmental perception to lexical tone perception. A categorial discrimination test (CDT) with a four-alternative forced-choice oddity task employed in previous L2 speech research [13, 14, 15, 16] was used to assess Mongolian speakers' perception of six tone pairs (T1-T2, T1-T3, T1-T4, T2-T3, T2-T4, T3-T4). As described in [15, p. 118] , this is 'a version of the ABX discrimination task' and 'is designed to minimize response bias (guessing)'. A high level of performance in this task would require not only the use of purely auditory information but also the establishment of phonetic categories for one or both sounds in a given sound (tone) pair. The listeners were tested individually in a session lasting approximately 45 to 60 minutes. The presentation of the stimuli and the collection of perception data were controlled by the UAB (University of Alabama at Birmingham) software [17] for the Mandarin group and the PRAAT program [18] for the Mongolian group. The listeners heard the stimuli at a self-selected, comfortable amplitude level over the high-quality headphones on a notebook computer. The experimental session was self-paced and the listeners could take a break after each block if they wished.
The stimuli which consisted of monosyllabic CV words differing in lexical tones were presented in triads and the listeners were given four ('1', '2', '3', 'NO') response categories. Each of the six pairs (T1-T2, T1-T3, T1-T4, T2-T3,  T2-T4, T3-T4) was tested by change and no-change (catch) trials. The three tokens in all trials were spoken by three different talkers, and so were always physically different even in no-change trials, as this was considered a better measure of listeners' perceptual capabilities in real world situations [19] .
The listeners were asked to choose an odd "word" that was different from the other two, if there was any. The change trials contained an odd item. For example, a change trial testing the T1-T2 pair might consist of 'mā2'-'mā1'-'má3' (where the subscripts indicate different talkers). The correct response for change trials was the button ('1', '2', or '3') indicating the position of the odd item, which occurred with equal frequency in all three possible serial positions. The serial position of the odd item in a triadic change trial was not fixed, which increased task uncertainty. The change trials tested the participants' ability to respond appropriately to relevant phonetic differences between tokens and distinguish tones drawn from two different categories.
The correct response to no-change trials, which contained three different instances of a single category (e.g. /tǐ/3 /tǐ/1 /tǐ/2 or /pà/1 /pà/3 /pà/2), was a fourth button marked 'NO'. The nochange trials tested the participants' ability to ignore audible but phonetically irrelevant within-category variation (in e.g. voice quality). The participants were required to respond to each trial, and were told to guess if uncertain. A trial could be replayed as many times as the listener wished, but responses could not be changed once given. The inter-stimulus interval in all trials was 0.5 s.
A total of 360 trials were presented in three blocks of 120 trials. A different randomization was used for each block. The first eight trials in each block were for practice and were not analyzed. The resulting 336 (3 blocks x 112) trials consisted of 252 change trials testing six pairs (42 trials each for T1-T2, T1-T3, T1-T4, T2-T3, T2-T4, T3-T4) and 84 no-change trials (21 trials each for T1, T2, T3, T4). In selecting the stimuli, care was taken so that tokens by each of the eight speakers would be distributed as evenly as possible.
Responses to the change and no-change trials were used to calculate A-prime (A') scores [20] , an index of discrimination accuracy. These scores were based on the proportion of 'hits H) ). An A' score of 1 indicated perfect sensitivity, whereas an A' score of 0.5 or lower indicated a lack of sensitivity.
Results
Averaged across six tone pairs, the mean discrimination scores were 0.98 and 0.90 for the Mandarin and Mongolian groups, respectively. The mean discrimination scores for each tone pair for each group are given in Table 2 .
The Mongolian group was less accurate than the control group of ten Mandarin speakers for all six pairs. T2-T3 was the hardest pair for the Mongolian bilinguals (0.72). T2-T3 confusion has been frequently reported in the literature for listeners from diverse L1 backgrounds [1, 2, 8, 9, 10, 11, 12, 21, 22, 23] and even for advanced learners [12, 22] . This may be due to acoustic-phonetic similarity of T2 and T3, as both tones have an initial dip in pitch followed by a rising pitch contour when spoken in isolation. The native Mandarin listeners' discrimination accuracy was consistently high for all pairs and they showed little inter-speaker variability. Figure 1 shows the distribution of A' scores by two groups of listeners as a function of tone pairs. The between-group difference in the mean A' scores was largest for T2-T3 (0.25) and smallest for T2-T4 and T3-T4 (0.032). However, large individual variation was observed and some Mongolian listeners perceived Mandarin tones as accurately as native Mandarin listeners. The number of Mongolian listeners whose discrimination scores fell within the range set by the Mandarin group was 6 (25%) for T1-T2, 9 (38%) for T1-T3, 12 (50%) for T1-T4, 0 (0%) for T2-T3, 14 (58%) for T2-T4 and 14 (58%) for T3-T4, respectively. As for T2-T3, the lowest score by the Mandarin group was 0.95. There were four Mongolian bilinguals whose score for this pair was 0.94 (16%). A two-way repeated-measures analysis of variance (ANOVA) with Group (Mandarin, Mongolian) as a betweensubjects factor and Tone Pair (T1-T2, T1-T3, T1-T4, T2-T3,  T2-T4, T3-T4) as a within-subjects factor was run to explore differences between the two groups of listeners. The main effects of Group (G) and Tone Pair (T) reached significance and so did the two-way interaction [G: F(1, 32) = 12.9, p < .01, T: F(5, 160) = 27.8, p < .001, G x T: F(5, 160) = 9.7, p < .001]. Post-hoc t-tests (Bonferroni-adjusted) showed that the Mandarin group was significantly more accurate than the (T2-T3  vs T1-T2, T2-T3 vs T1-T3, T2-T3 vs T1-T4, T2-T3 vs T2-T4,  T2-T3 vs T3-T4) . In other words, the Mongolian bilinguals discriminated T2-T3 less accurately than all other tone pairs (p < .05) as is clearly seen in Figure 1 . [23] . The Mongolian bilinguals' discrimination accuracy for T2-T3 was significantly lower than that for the other five tone pairs. T2 and T3 have been frequently reported to be phonetically similar and difficult for listeners from diverse L1 backgrounds to differentiate [1, 2, 8, 9, 10, 11, 12, 21, 22, 23] . It would be useful to conduct a categorization task 3 to characterize how Mongolian bilinguals identify Mandarin tones, in particular, T2 and T3. Given that some studies [1, 2, 21] suggest T2 may be more problematic than T3, there may be a bias or difference in the direction of misperception of these two tones. 3 We thank one of the anonymous reviewers for raising this possibility.
This study has implications for the effect of early bilingualism on cross-language tone perception and it also bears on language policy in multi-ethnic nations. If and to what extent the native Mongolian bilinguals resemble other ethnic minorities such as Tibetans and Uyghurs in their Mandarin tone processing skills remains unknown. Advancing knowledge on this topic is important for language policy, L2 acquisition and L1 maintenance in multi-ethnic nations. Both from the perspectives of language maintenance and cross-language speech processing, in future, it would be interesting to examine the Mongolian bilinguals' L1 Mongolian speech processing abilities to determine if and how their L1 and L2 perception skills interact. Comparing their L1 Mongolian speech characteristics to that of native Mongolian speakers without knowledge of Mandarin (i.e. Mongolian speakers born and raised in Mongolia) would facilitate the assessment of the effects of bilingualism on L1 maintenance on the one hand. Comparing their L2 Mandarin speech characteristics to that of late L1 Mongolian learners of Mandarin residing in Mongolia would shed light on the effects of bilingualism on L2 speech learning. The current study is limited to the Mongolian bilinguals' tone perception abilities and it would be important to examine their tone production abilities to assess the effects of bilingualism on tone processing as a whole.
The present study contributes to our understanding of how Mongolian bilinguals born and brought up in the Inner Mongolia Autonomous Region in China process lexical tones in L2 Mandarin. This research has theoretical implications for ultimate attainment of L2 speech learning by MongolianMandarin bilinguals. It also has pedagogical implications for bilingual education policy, as very little data is currently available for the acquisition of Mandarin by ethnic minorities in China.
Conclusions
The Mongolian-speaking group was significantly less accurate than the control group of ten Mandarin speakers for all six tone pairs with T2-T3 showing the largest between-group difference. However, large individual variation was observed and some Mongolian bilinguals perceived Mandarin tones as accurately as native Mandarin speakers. Thus, native-like tone perception is attainable for bilinguals whose L1 is non-tonal.
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